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(54) Control system for a 
continuously variable transmission 
for vehicles 

(57) A control system for a 
continuously variable transmission for 
vehicles is provided with an electric 
circuit receiving input signals of 
vehicle running conditions and a 
hydraulic control circuit The hydraulic 
control circuit comprises a reduction 



ratio control device 80 controlled by 
the electric control circuit and 
regulating the hydraulic pressure 
supplied to the hydraulic servo system 
of the input pulley and changing 
reduction ratio between the input 
and output shafts of a V-belt type 
continuously variable transmission, 
and a shift control mechanism 70 
controlled by the electric control 
circuit and regulating the rise time of 
hydraulic pressure supplied to the 
hydraulic servo system of friction 
engaging elements of a planetary 
forward/reverse gear set The control 
system permits the automatic 
transmission to perform under 
desirable running conditions such as 
optimum fuel economy, and it 
generates the hydraulic fluid pressure 
required in any portion of the 
automatic transmission during 
working and eliminates shock of the 
shifting operation. 
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for a continuous* variab.e transmission for vehicles 

ntaiastD a control system which automatically controls a vehicle automatic 

5 ctiangtoo (orveard and ■«•«■• b „ ^.m, a control system which permits a vehicle 

a^cS^^ 

BBSA^aoU-amlllust^goperalionof^eer.tK.vale.. 

6 a stock diagram ^^^'2^^Srt«lc ol d» M«* corml drc* 

revolution speed; ^ ^ ^ ^ 25 are program flowcnarts « lu strating operation of an electric control 



20 



30 £SEKSKE2S»232«^ 

40 Rg* 32 it a diagram illustrating rr^^TetorSe «S ofTn?ut and output shafts in a 

*™^algram^ 45 
45 Rg 1 is a schematic representation of a ^P'^^^^, " (^designates an engine. 1 02 a 
behty^continuousfyvariabtetmns 

forward and reverse drives. ,^mnri<iina a Dump impeller 2 1 1 and a turbine 

.nner^^ 

type torque converter or mechanics J, dutch mayJJ 8 ^ ^ ^ , type comprising an input 

55 The VW ^^^^rcon^Sto^ fluid coupling output shaft 214 as the 
pulley 31 comprising a stationary flange di l cp"™*- movable flanae 312 opposite to the 
fnpu/shaft of the ^^^^^^^^^u^ senSsysfem 3 1 3 driving 
stationary flange 31 1 . said shatefornwng a < V-shapea spa °J^' fl 321 connected to an 
Removable flange 312; an output pulley ^^Seission 30. a movable 
60 intermediate shaft 26 £*J JSKSIEU « ^P" 1 ^ and a hy ? ra V" C 
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the range 0 - \ 2 - 1 3 - 1 4 (0 < l 2 < l 3 < I4) so that the torque ratio T between the input shaft 2 1 24 and 
the output shaft 26 of the continuously variable transmission 30 is continuously varied in the range of 
t _t 2 — t 3 -t 4 (t 1 <t 2 <t 3 <ti). Since the pressure receiving area of the input hydraulic servo system 
3*1 3 is about twice as large as that of the output hydraulic servo system 323 in this embodiment, the 
5 input movable flange 31 2 is subjected to a larger driving force than the output movable flange 322 even 5 
when the hydraulic pressure in the servo system 3 1 3 is less than or equal to that in the servo system 
323. The enlarged pressure receiving area of the hydraulic servo system 3 1 3 may be attained by 
enlarging the diameter of the servo system or by using a piston having twice the receiving area in the 
servo system. 

1 0 The planetary gear set 40 changing the forward and reverse drives comprises a sun gear 41 1 0 

connected the intermediate shaft 26 as the output shaft of the continuously variable transmission 30. a 
ring gear 43 engaged to a case 400 of the transmission unit through a multi-plate brake 42, a double 
planetary gear 44 rotatably meshed between the sun gear 41 and the ring gear 43, a planetary carrier 
46 supporting the double planetary gear 44 rotatably connected to the intermediate shaft 26 through a 

1 5 mufti-plate clutch 45 and to a second intermediate shaft 47 as the output shaft of the planetary gear set 1 5 
40, a hydraulic servo system 48 operating the multi-plate brake 42, and a hydraulic servo system 49 
operating the mufti-plate dutch 45. The planetary gear set 40 changing the forward and reverse drive 
provides a forward gear when the multi-plate dutch 45 is engaged and the multi-plate brake 42 is 
released, and provides a reverse gear with a reduction ratio of 1 .02 when the dutch 45 is released and 

20 the brake 42 is engaged. The reduction ratio of 1 .02 in the reverse drive is small in comparison to that in 20 
the usual transmission unit In this embodiment, however, the reduction ratio obtained at the V-belt 
type continuously variable transmission, e.g. 1A, and the reduction performance of the reduction gear 
mechanism 23, as hereinafter described, render a suitable reduction ratio. 

The reduction gear mechanism 23 compensates for the low reduction ratio in the V-belt type 

25 continuously variable transmission 30 in comparison to the usual transmission unit and provides a 
reduction ratio of 1 .45 between input and output shafts to increase the torque. 

The differential gear 22 is connected to the axle (not shown) and provides a final reduction ratio of 
3.727:1. 

Rg. 2 shows a hydraulic control drcuit which controls the continuously variable transmission unit 
30 in the transmission of Rg. 1 . 

According to the present embodiment, the hydraulic control circuit comprises a hydraulic pressure 

source 50, a hydraulic regulator 60, a shift control mechanism 70 controlling the timing of engagement 

of the multi-plate brake and mufti-plate dutch in the planetary gear set 40 and retarding the shock of 

the N — D and N — R shift, and a torque ratio control device 80. 
35 The hydraulic regulator 60 comprises a manual valve 62 operated manually by a shift lever (not J 0 

shown) a detent valve 64 and a throttle valve 65 providing respectively detent pressure and throttle 

pressure depending on the throttle opening 0 of the carburetor 1 02, a torque ratio valve 66 interlocked 

with the movable flange 321 of the output pulley 32, said torque ratio valve 66 supplying the detent 

valve 64 with the line pressure and decreasing the pressure in an output hydraulic feed-back passage 9 
40 to the throttle valve 65 corresponding to the amount of displacement of the movable flange 32 1 , and a 40 

regulator valve 61 regulating the hydraulic pressure supplied from the hydraulic pressure source 50 and 

supplying the line pressure to portions of the hydraulic regulator 60. 

The hydraulic pressure source 50 supplies hydraulic oil pumped from an oil strainer 51 to the 

regulator valve 61 through passage 1 1 . The hydraulic pressure source 50 uses a pump 52 driven by the 
45 engine and has a relief valve 53. 

Referring to Rg. 3 showing manual valve 62, a spool 621 is set to positions P, R, N, D and L 

corresponding to the shift positions P, R, N, D and L of the shift lever manually selected by the driver. 

Thereby the manual valve 62 communicates the line pressure from passage 1 to output passages 3 — 5 

as shown in Table 1 . 



TABLE 1 



N 



50 



passage 3 X X X 0 0 

passage 4 X 0 X X X 

passages X 0 X X 0 



25 



30 



50 



In Table 1 , 0 designates communication of pressure from passage 1 , and X designates no 
communication of pressure from passage 1 to passages 3 — 5. 

Referring to Rg. 2, the regulator valve 61 is provided with a spool 611, and a regulator valve 
plunger 612 responsive to detent pressure and throttle pressure to control the spool 61 1 . The area of 



15 



20 



lubrication. ,. k ^ to +u e throttle opening 0 of the throttle 5 

1 5 EW Sort 61 8 in the regulator ^^^f^ d °^^L 655 respective* The 
control and are branched ^m^ p^gea ana pm>n passages 9 and 1 0 at a land 

spool 65 1 receives *e feedback of >W> ^JSa^ land 657 larger than that of land 656. 
656 and another land 657 vriti, the P^^^f^ J^JKl vSS, a spool 662 linked to the 
The lorque ratio valve 66 shown 6 l ^^^^ e6 J m}Mien * e displacement 

20 movab.eflange322ofti^ 

amount L of the movable flange 322 is in me srangs m, - -* > >T 664 leadjng to the 

the spool 662 jsposmon^^ 

output hydraulic pressure feedback P 35 ? 3 ^ » J™ * ™ nassaae 6oft he torque ratio valve 66 with a 
deSntvahre64.sre^ced^ = 25 

25 drain passage 665. When ^^^gg^jSSSt Intermediate portion as shown in Fig. 5B. thereby 
| 2 <L<l 3 (t 3 i?T> t 2 ), the spool 662 Q ,s ^ b ° n .^'"^ a drain port 666 so as to reduce the pressure 

The spool 662 is slidabfy linked to tta fn dievalve shaft direction is not obstructed 

Se^vab^e flange is ^ *2J^j£SS£ 7oTm£ses a shift control valve 7 1 having a 35 
35 Referring to Fig. 2. the ^"E^SEE** pressure from an oil chamber 713 at the other 

and. an orifice 72 disposed in ^^^jJ^S^ 72 and the oil chamber 7 13. and a solenoid 

713 is exhausted, the spoo 712rfd*J^^ jrtjjTU s fc ^ system 49acting 

the action of the spnng 71 1. Thereby ™HP*sage "^^the passage 14. leading to the hydraulic 
on the multi-plate clutch 45 of ^SSfSS?^ SmSl^Spectively with the drain ports 7 1 4 

45 servo system 48 acting on the imjHj^ ^^Sleth. muKate clutch 45 or the multi- 
and 7 1 5 and the pressure *?^^^™™™^^rZ port 741 is closed and the spool 
plate brake 42. When the solenoKi valve ^^^T^ suoJed to the oil chamber 7 1 3. 
? 1 2 is positioned at the left in the ^^^^K^Sges 1 3 and 1 4 for engagement 
Thereby the passages 3 and * J^"^*SB^n embodiment, the shift control valve 7 1 is 

50 of the muKMatt brake 42 J™^^^ pressure in the passages 13 

andl4^ 

brake 42 are prevented "^^^^ ratio control valve 81 . orifices 82 and 83. a 

The torque ratio control un ^^^s^^Z ratio control valve 81 is provided with oil 55 
55 downshift solenoid 84. and an ™ supplied from the passage 1 through 
chambere 8 1 5 and 81 6 on both ends '^9 ,nSg a?Sut port 81 7 leading to the 
the orifices 82 and 83 ^^'^^^^^^ of displacement of the spool 8 1 2. and 
passage 1 awl varying me openirHl area according^ of theV-behtype 

£outiUport818.eadingteth^ 60 
60 stepless shifter 30 through the * 5£TS ^ 3 exhausting the oil chamber 81 5 

to the amount of displacement f 8 ^'^, VlT Tf^downshifting solenoid 84 and the 
according to the amount of **to^*%S£^i ,5 and 81 6 of the torque ratio control valve 

"f^rSr^^ <* me e,eCtriC COmro ' drCU,t 35 65 

65 nerelS^ 
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Fig. 6 shows the design of the electric control circuit for controlling the solenoid valve 74 of the 
shift control mechanism 70, the downshift solenoid valve 84 and the upshift solenoid valve 85 of the 
torque ratio control device 80 in the hydraulic control circuit shown in Fig. 2. ... n • 

The electric control circuit comprises a shift lever switch 901 detecting the shift lever positions P, 
5 R, N, D, or L, a revolution speed sensor 902 detecting the revolution speed of the input pulley 31 , a 5 
vehicle' speed sensor 903, a throttle sensor 904 detecting the throttle opening of the carburetor, a 
speed detecting and processing circuit 905 converting the output of the revolution speed sensor 902 
into a voltage signal, a vehicle speed detecting circuit 906 converting the output of the vehicle speed sensor 
903 into a voltage signal, a throttle opening detecting and processing circuit 907 converting the output 

10 of the throttle sensor 904 into a voltage signal, input interfaces 908 — 91 1 for the sensors 901 , 902, 1 0 
903 and 904, a central processing unit (CPU) 912, a read only memory (ROM) 913 storing the control 
program for the solenoid valves 74, 84, 85 and data required for their control, a random access memory 
(RAM) 914 temporarily storing the input data and parameters required for control, a clock 91 5, an 
output interface 916, and a solenoid output driver 917 converting the output of the output interface 

15 916 into the operating output for the upshift solenoid 85, the downshift solenoid 84 and the shift 1 5 

control solenoid 74. The input interfaces 908—9 1 1 , the CPU 9 1 2, the ROM 9 1 3, the RAM 9 1 4 and the 
output interface 916 communicate with each other through a data path 918 and an address path 919. 

The function of the hydraulic regulator 60, comprising in this embodiment the torque ratio valve 
66, the detent valve 64, the throttle valve 65, the manual valve 62 and the regulator valve 6 1 will be 

20 now described 20 
Working fluid in the hydraulic control circuit is supplied from the pump 52 driven by the engine. 
The high line pressure involves large losses in power from the pump 52. In order to drive a vehicle at 
low fuel cost, the line pressure supplied to the hydraulic control circuit must be at the minimum value 
needed. In the case of the continuously variable transmission, the line pressure must be sufficient so 

25 that the hydraulic servo systems of the input pulley 3 1 and the output pulley 32 can deliver the torque 25 
without slippage of the V belt 33. Referring to Fig. 7, solid lines show the minimum values necessary for 
the line pressure corresponding to variation of the reduction ratio T between the input and output shafts 
for various throttle openings so that the engine is driven at optimum fuel cost Upon starting, it is 
preferable to use the line pressure shown in as dashed lines. The dashed lines correspond to a line 

30 pressure that is greater than that of the solid lines by approximately 20%, since the engine cannot be 
driven at optimum fuel cost upon starting. When braking, the line pressure shown as a dash-and-dot 
line is preferred even when the throttle opening is 9 = O. 

In this embodiment the line pressure as the output of the regulator valve 6 1 is regulated by the 
hydraulic regulator 60 depending on the shift positions U D, N, R, or P of the manual valve 62, the 

35 variation of the throttle opening 0 and the reduction ratio between both pulleys, i.e. the reduction ratio 35 
between the input and output shafts, as follows: 

D POSITION 

In the manual valve 62, only the passage 1 has line pressure and pressure in the passages 4 and 5 
is exhausted, rf the shift control solenoid 74 in the shift control mechanism 70 turns OFF and the line 
40 pressure is supplied to the oil chamber 7 1 3, the rightward movement of the spool 712 causes the 40 
passages 3 and 1 3 to communicate with each other. Thus, the line pressure supplied to the passage 3 
acts on the hydraulic servo system 49 of the forward multi-plate clutch 45 through the passage 1 3 and 
the vehicle is ready for forward drives. 

( 1 ) The torque ratio T is in the range t, g T < ^ 

45 Referring to Fig. 5A, the torque ratio valve 66 closes a port 663 leading to the passage 1 , and the 45 
passage 6 communicates with a drain port 665 and is exhausted. Thus, the passage 7 is not supplied 
with the detent pressure (equal to the line pressure) irrespective of the throttle opening 0. Since a port 
664 leading to the passage 9 is closed and the spool 651 of the throttle valve 65 receives the feedback 
pressure not only at the land 656 but also at the land 657, the throttle valve 65 provides throttle 

50 pressure corresponding to the throttle opening 9 as shown in characteristic curve (c) in Fig. 8 to the 50 
regulator valve plunger 613 of the regulator valve 61 through the passage 8. Then the line pressure 
provided from the regulator valve 61 is shown in region (f ) of Fig. 9 and curve (e) of Fig. 1 0. 

(2) The torque ratio T is in the range tj < T ^ t 3 

Referring to Fig. 5B, the torque ratio valve 66 closes a port 663, and the passage 9 communicates 
55 with a drain port 666. Pressure in the passage 6 is exhausted through a port 665. Thus, the detent 55 
pressure is not produced in passage 7. Since the passage 9 is exhausted and the feedback pressure is 
not applied to the land 657 of the spool 651 , the throttle pressure increases as shown in characteristic 
curve (d) of Fig. 8. The line pressure is shown in region (k) of Fig. 9 and curve (g) of Fig. 1 0. 

(3) The torque ratio T is in the range tg T t* 

60 Referring to Fig. 5C, the passage 9 is exhausted through a drain port 666 and the throttle pressure 60 
is shown in curve (d) of Rg. 8 as in the dace (2) above. The port 663 is opened and the passages 1 and 



6 communicate ^^^^Tss^Zt B^Z^s ft'SSVS?* 
641ofmedeterrtvalv8 64.sd,sp<^t^^ 

spool 641 and the passage 7 <"*^ £ SSl Is disposed as shown in Rg. 4B and 

throttle opening " * '^SS^S^imSe is thereby produced in the 5 

5 £ JSTBSSJ ragt (., of Fig. 9 and curve (i, of Rg. 1 0 and vanes ste P w,se 

at 0 = OfL 

1 P °r*e N manua. valve 62. the passages 5 and 1 communicate with each other. The passages 3 and ^ q 
1 0 4 are arranged in a manner similar to the D position. 

(1 ) The torque ratio Tis in the range . tj; ST Sit* passages 5 and 7 communicate with 

When the throttle opening is in the range 0 = * = ™P« '^ ure is produce d in passage 7 to 
each other in the detent valve 64> as shown in *9^£ The J ? < 1 00%. the passage 7 

elevate the throttle plunger and the ^SS^SSSSS. weratio valve 66. The detent 1 5 

is as shown in curve (k) of Rg. 1 1 - 
shown in curve ( j) of Rg- 1 1 - 

(3) The torque ratio T is in the range ^<J^J» ^ ratio vah/e 66 . and the passage 

The passages 6 and l^munic^ wW ^ach ^£ ™ Applied to both passages 6 and 5. 25 

25 9 is exhausted through ithe dra.n pei ^^^.ncetne .me " opening . 

Slmediately above and provides the line pressure as shown in curve (h) of Rg. 1 1 - 

R POSITION r ^ mrV , lin; _ at „ Wlth nassage 1 in the manual valve 30 

30 Asshownln Table ^W^SS ^ntnelS control mechanism 70 
62. and the passage 3 is exhausted. 3 £ e le ftward movement of the spool 

turns OFF and the line P^^^^ wTe^ch f omen TheSnl pressure supplied to the 
712 causes the passages 4 and 14 ^ mm ™^3 ^ ° 48 of the reverse mufti- 

40 R position. 

7r t ^ T<t is set to lower values at the throttle openings less than 0,% as shown in 
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circuit 90 so that fuel cost is optimized in all degrees of the throttle opening. 

In general, a vehicle engine is driven according to the optimum-fuel-cost power curve shown as a 
dashed line in Rg. 12. In Fig. 12, the abscissa represents the engine revolution speed (rpm) and the 
ordinate represents the output shaft torque (Kg • m). The rate of fuel consumption Q 
5 (gram/pferde - starke hour) and the power P (pferde starke) at any point A are given by the constant fuel 5 
consumption curve in solid line and the constant horsepower curve in dash-and-dot line respectively. 
The fuel consumption per hour at the point A is given by: 

S=QxP(g/h) 



The fuel consumption amount S per hour is calculated for each point along constant horsepower curves 
1 0 to determine the point with minimum value of S in each constant horsepower curve. By connecting the 10 
points with minimum S on each constant horsepower curve, the optimum-fuel -cost power curve is 
obtained which shows the engine driving condition with optimum fuel consumption for every 
horsepower. In this embodiment where the engine 1 00 is associated with the fluid coupling 21 , the 
fluid coupling output curve with optimum^fuel-cost shown in Rg. 1 6 is obtained in a manner similar to 
1 5 the above described procedure from the engine output characteristic curve with respect to the throttle 1 5 
opening shown in Rg. 1 3, from the fluid coupling characteristic curve shown in Fig. 1 4 and from the 
constant fuel consumption rate of engine in Rg. 1 5. Rg. 1 7 shows the correlation between the throttle 
opening and the fluid coupling output revolution speed obtained from the fluid coupling output curve 
with optimum-fuel-cost in Rg. 1 6. The fluid coupling output revolution speed in this figure is used as the 
20 input pulley revolution speed in this embodiment. 20 
In the continuously variable transmission of this embodiment, the reduction ratio between the 
input pulley 31 and the output pulley 32 is determined by the input pulley revolution speed with 
optimum-fuel-cost given by the above procedure and the actual input pulley revolution speed following 
reduction. 

25 The torque ratio control device 80 is controlled by comparing the Input pulley revolution speed 25 
with optimum-fuel-cost given in Rg. 1 7 with the actual input pulley revolution speed and regulating the 
reduction ratio between the input and output pulleys using both solenoid valves 84 and 85 in the 
control device 80, so that the actual revolution speed coincides with the revolution speed for optimum- 
fuel-cost 

30 Rg- 1 8 shows a flowchart of the entire control system for the input pulley revolution speed. The 30 
throttle sensor 904 reads out the throttle opening 0 at unit 92 1 , and the shift lever switch 901 
determines the shift lever position at unit 922. When the shift lever is verified to be in P or N position, 
subroutine 930 for processing the P or N position shown in Rg. 1 9 acts. The subroutine 930 turns OFF 
both solenoid valves 84 and 85 at unit 93 1 and the RAM stores the state of the shift lever in P or N 

35 position at unit 932. The input pulley 31 is thereby in a neutral state. When the shift lever is changed 35 
from P or N position to R position, or N position is changed to D position, shock control processing is 
earned out at units 940 and 950 in order to retard the shock involved in P, N — R shift and N — D shift 
respectively. The shock control processing is effected by applying and decreasing gradually a pulse train 
as shown in Rg. 20, a pulse width in each period K* being represented by L* — nM* (n = 1, 2, 3, . . .), to 

40 the shift control solenoid valve 74 of the shift control mechanism 70 shown in Rg. 21 (hereinafter 40 
referred to as "duty control"). When the shift control solenoid 74 is subjected to duty control as above 
described, the oil chamber 7 1 3 of the shift control valve 7 1 is supplied with hydraulic pressure Ps 
regulated in accordance with the duty control. 

The shift control mechanism 70 regulates the timing of intake and exhaust of hydraulic pressure to 

45 the hydraulic servo systems 48 and 49 of the planetary gear set 40 by operation of the solenoid valve 45 
74 in response to the output of the electric control circuit 90 so as to eliminate shock during the shift. 
The control mechanism 70 also holds the upper limit of the hydraulic pressure supplied to the hydraulic 
servo systems 48 and 49 below a prescribed value so as to limit the engaging pressure of the clutch and 
brake. 

50 Referring to Rg. 28, assuming that pressure receiving areas of the lands on a spool 7 1 2 of the 50 
shift control valve 7 1 are represented by S„ S v S v S 2 in sequence from the left, the force of spring 711 
is represented by Fs v and the hydraulic pressure in oil chamber 71 3 is represented by Ps, the hydraulic 
servo system 49 of the multi-plate clutch 45 engaged in forward drive and the hydraulic servo system 
48 of the multi-plate brake 42 engaged in reverse drive are supplied respectively with hydraulic 

55 pressure Pc and Pb calculated from the hydraulic balance equations ( 1 ) and (2) as follows: 55 
Forward: 

Ps x S, = Pc x S 2 + Fs, (1 ) 

S, Fs, 

Pc = — xPs 

S 2 S 2 
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Reverse: 

PsxS, = Pbx(S,-S 2 ) + Fs, < 2) 

S, Fs, 
Pb = xPs- 



S,-S 2 S,-S ; 



2 



• th«. nr^ssure receiving area of the valve body 73 1 inserted in the pressure limiting 
Assuming that the pressure receiving i ar fe nted 



Assuming that £e , *~™SZttSl spring 732 behind the valve body 731 is represented 



5 valve 

by Fsj. the pressure limiting 
the hydraulic balance equation (3) as follows: 

P limit x S 3 = Fs 2 

P limit = — 
S 3 

1 0 Pc and Pb are restricted to the maximum values Pc limit and Pb limit respectively according to 
equations (4) and (5) as follows: 
Forward: 

S, Fs, 
Pc limit = — xP limit 

s 2 



(3) 



10 



(4) 



Reverse: 

s i ^ IB1 15 

Pb limit = x P limit - — — - l5) 

15 S,-S 2 S,-S 2 

_ „„. *, Qrt !n thA of duty control by parameters K», L\ M* shown in 
RQ - Z ^Z^TzO ^^^^Z ^cor^s^roce^ or not is determined 
the wave form^art of Rg. 2 ^jy^^^^ ed ^ processing continues. If not processed, any 
at unit 941. If the shock OT "^^^^S'^nrte942 and 943. A change from P or N position 
change in the shift lever switch 901 ^^SoVto o in Is determined at 943. If a 20 
20 to R position is determir^ 942; a cha^e^m ^ P^'^^ w g45 and ^ 

25 positive, K is set to K L . to L ivi . arw l u, that L < 0 and FLUG set to OFF means the 

unit 948. If L < 0. FLUG is set to O^^Jf^^e^id ofone period K* id determined positive 
end of shock control processing. «Para^erK verifying , the , era * l < 0 is determined "NO" at 
atunit946.K-1fesettoKatunrt^!»J^ 

unit ^^^J^^^^^ IS L is not zero, the solenoid valve 
30 L = 0, the solenoid valve 76 generates an ' urn com 954 thereby process is returned. 

35 the M, ^"9 1'^ZTSSKSSSSS » «* '*«*' <•«*■« 9 to F » "' ,,aVi,,9 • 

45 ^^r.rr^^r»° 



30 



35 
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operation. If necessary, the engine brake control is effected at unit 970 or 980. 

Referring to Fig. 24 showing a program for engine brake control of D position effected at unit 970, 
the vehicle speed sensor 903 detects the vehicle speed V at unit 97 1 and the acceleration a is 
calculated at unit 972. Whether the acceleration a is equal to the acceleration A adapted for the vehicle 
5 speed is determined at unit 973. lfar>A # N # issettoa value larger than that of N' so as to effect 5 
DOWN-SHIFT control at unit 974 and then process is returned. If or ^ A, the optimum-fuel-cost input 
pulley revolution speed N* corresponding to the throttle opening 0 is set at unit 975 and then process is 
returned. The relation between the vehicle speed and the adapted acceleration A is determined by 
experiment or calculation for different vehicles and is illustrated in Fig. 26. 
1 0 Referring to Fig. 25 showing the engine brake control of the L position effected at unit 980, the 10 
vehicle speed V is detected at unit 981 and then the torque ratio T is calculated from the vehicle speed 
V and the input pulley revolution speed N according to the following equation at unit 982: 

N 

T = — xk, 
V 

wherein k is a constant defined by the reduction ratio of the gear mechanism 23 within the 
1 5 transmission, the final reduction ratio of the vehicle, the radius of the tires and the like. The decision of 1 5« 
whether the torque ratio is larger than the torque ratio T* adapted for secure and proper engine braking 
corresponding to vehicle speed V is effected at unit 983. If T < T» N* is set to a value larger than that of 
N' at unit 984 so as to effect DOWN-SHIFT control and then process is returned. IfT^T*, N* is set to a 
value equal to that of N' and then process is returned. The torque ratio T* adapted for secure and proper 
20 engine brake corresponding to the vehicle speed is determined by experiment or calculation for different 20 
vehicles and is illustrated in Fig. 27. 

In order to retard the shock involved in engagement during N — D shift or N — R shift, fluid pressure 
Pb or Pc supplied to the hydraulic servo system 48 or 49 is controlled in accordance with the fluid 
pressure characteristic curve shown in Fig. 29, so that the engagement of the multi-plate clutch 45 or 
25 the multi-plate brake 42 is completed in the time interval between A and C in the figure. Fig. 30 shows 25 
the relation between the duty {%) of the solenoid valve 74 to control fluid pressure supplied to the 
hydraulic servo system 48 or 49 and the solenoid pressure Ps produced in the oil chamber 7 1 3 by 
working the solenoid valve 74. The duty {%) is given by following equation: 

solenoid ON duration in one period 

duty{%)= x100(%) 

solenoid working period 

30 The solenoid pressure Ps in Fig. 30 is amplified by the shift control valve 7 1 , thereby providing the fluid 30 
pressure Pb or Pc supplied to the hydraulic servo system 48 or 49 shown in Fig. 31. 

Operation of the torque ratio control unit 80 according to the present invention will now be 
described by referring to Fig. 32. 

CONSTANT SPEED DRIVE 

35 The solenoid valves 84 and 85 which are controlled by the electric control circuit 90 are turned 35 
OFF as shown in Fig. 32A and the spool 812 assumes an intermediate position. 

The fluid pressure P, in the oil chamber 8 1 6 becomes the line pressure, and. If the spool 81 2 is to 
the right in the figure, the fluid pressure P 2 in the oil chamber 815 also becomes the line pressure. 
However, the spool 812 is urged to the left by pushing force P z of the spring 811. When the spool 812 

40 is moved to the left and the oil chamber 81 5 communicates with the drain port 81 3, P 2 Is exhausted 40 
and the spool 81 2 is urged to the right by fluid pressure P, in the oil chamber 816. If the spool 812 is 
moved to the right the drain port 813 is dosed. If a flat surface 81 2b with a beveled edge is arranged at 
the land edge between the drain post 81 3 and the spool 81 2 as shown in Fig. 32, the spool 81 2 can be 
stabilized at the intermediate balance point as shown in Fig. 32A. Since the passage 2 then is closed, 

45 fluid pressure in the hydraulic servo system 31 3 of the input pulley 3 1 is pushed by the line pressure in 45 
the hydraulic servo system 323 of the output pulley 32 through the V belt 323, thereby fluid pressure in 
the hydraulic servo systems 313 and 323 is balanced. In reality, however, oil leakage exists at the 
passage 2 and the input pulley 3 1 gradually expands and increases the torque ratio T. In order to 
compensate for the oil leakage at the passage 2, the drain port 8 1 4 is closed in the balanced state of 

50 the spool 81 2 as shown in Fig. 32A and a flat surface 81 2a with a beveled edge is provided at the land 50 
edge of the spool 812. Referring to Fig. 34, in place of the surface 81 2a the passages 1 and 2 may be 
communicated by a passage 822 having an orifice 821 in order to attain a similar result 

UP-SHIFT 

The solenoid valve 85 is turned ON by the electric control circuit 90 as shown in Fig. 32B. The oil 
55 chamber 81 6 is exhausted and the spool 812 moves to the left in the figure. As the spool 8 1 2 moves, 55 
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the oil chamber 81 5 is also exhausted through the drain port 81 3. Howevar. the spool 81 2 Is urged to 

^ 'tince *ete13Tin the passage 1 is supplied to the passage 2 through the port 81 8. fluid 
nrJr^ehlSL system 313 rises and the input pulley 31 contracts so as to decrease the 
5 KEE XbJSSK^ time duration of the «X dura ™ 
of time, the torque ratio is reduced by the required amount and UP-SHIFT is effected. 

^^fsdenoid valve 84 is turned ON by the electric control circuit 90 as shown in Fig 32C, thereby 
u „ i rfTamher 81 5 The soool 81 2 is moved to the right in the figure by the line pressure in 

,o SbL^SS^ through the drain port 814. The input puHey 31 
1 ° e^notTa7to YncreaS the torque ratio T. By controlling *e ON ti mention of the solenoid valve 

1 5 3 13 and Pots th £S1» in the output hydraulic servo system 323. toe relator, between the 
or^m raSo Po^i and the torque ratio T is shown in the graph of Fig 33 For exam P^awume *e 
sttttTreSttrf by a point a torottle opening 0 = 5096, torque ratio T= 1 .5) »^^*°£Z* 
!S1 Jfl - 30% i bv Mreleaang the acceleration. If the pressure ratio Po/Pi is not changed the working 

CLAIMS continuously variable transmission for vehicles having a V-belt type 25 

25 continuo^Sy v^abCo^ission and a planetary gear set for changing forward and reverse drives sa,d 

^TZ^c^J^ receiving input signals of vehlde running conditions suj, as tine 
carburetor throttle opening, the vehicle speed, the input pulley revoluUon speed of the V-belt type 
oo ^ontinnmisiv variable transmission and the shift lever setting position; and 
30 ^""^Sfe^^voujt comprising a hydraulic regulator supplying the line .procure 

^^iL ^ toe veWde running conditions, a reduction ratio control device controlled by said electric 
^^Sa^^atoTth?n^raullc fluid pressure supplied to the hydraulic servo system 
W ^i^f^rt^^ ndlev of^e V-beH type continuously variable transmission and changing the 

35 SaTZSS controK by said electric control ^^^SSS^iSS' 
hCdrauHcfluid pressure supplied to the hydraulic servo system associated with friction engaging 
■ ^^l»m^dto the iolanetary gear set for changing forward and reverse drives. 

TA^S^TfSl^nZ^ variable transmission for vehicles having a V-belt type 

*" XlffSSlS receiving input signals of vehide running condr^^sti. 
carbunitor tomtoe opening, the vehicle speed the input P u. ley revolution speed of toe V-beh type 
continuously variable transmission or the shift lever setting position, and „ 
45 b)Xrau.ic control drcuit comprising a manurivatve ^^"^^^^^ 
«=hrft lever a throttle valve supprying throttle pressure depending on toe throttle opening, a regulator varve 
?r J^naXtorottte pSreand regulating the hydraulic fluid pressure supplied from an oil 
for receiwngtoe^mrorae pre^i « ,. ure> a reduction ratio valve means for 

^Z^SSS^^^X^ by the throttle valve when toe displacement arnount 
exhausting toe feedDaac " . V -belt type continuously variable transmission is less 

50 tL^^^ J^^S^T^ZTe controlled by said electric control dnu.it and 
tSSSSSS^m Applied to the hydraulic servo system of the input pulley of the V-beh 
ZSntSSTS ^nd changinB the reduction ratio between the input and output 
^^toe^r^^^ntinWuS variable transmission, and a shift control mechanism controlled by 
55 S^^^S^ng the rise time of hydraulic pressure supplied to thehydraul. 
55 strvo Sm^nTction engaging elements connected to toe planetary gear set changmg forward and 
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35 



40 



45 



50 



55 



reVer ^ Aco^trol svstem for a continuously variable transmission for vehldes having a V-beh type 
c^ntinuous^ab^nsmission and a planetary gear set for changing forward and reverse dnves. 

60 " id TrlSc m cS.1S re ceivinginp. 

carburetor throttle opening, the vehide speed, the input pulley rwolution speed of the V-beh type 
continuously variable transmission or the shift lever setting position; and 
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b) a hydraulic control circuit comprising a manual valve operated manually in association with the 
shift lever detent and throttle valves supplying respectively the detent and throttle pressure depending 
on the throttle opening, a regulator valve receiving the detent and throttle pressure and regulating the 
hvdraulic pressure supplied from the hydraulic source and providing the regulated pressure as the line 

5 pressure a reduction ratio valve for exhausting a feedback passage of output hydraulic pressure of the 5 
throttle valve when displacement amount of movable flange of the output pulley of the V-belt type 
continuously variable transmission is less than a first selected valve and supplying the line pressure to 
the detent valve when said displacement amount is greater than a second selected value, a reduction 
ratio control device controlled by said electric control circuit and regulating the hydraulic pressure 

1 0 supplied to a hydraulic servo system of the input pulley of the V-belt type continuously variable 1 0 

transmission and changing the reduction ratio between input and output shafts of the V-bett type 
continuously variable transmission, and a shift control mechanism controlled by said electric control 
circuit for regulating the rise time of hydraulic-pressure supplied to the hydraulic servo system of friction 
engaging elements connected to the planetary gear set for changing forward and reverse drives. 

15 4 A control system for a continuously variable transmission for vehicles having a V-bert type 1 5 

continuously variable transmission and a planetary gear set for changing forward and reverse drives 
according to Claims 1 , 2 and 3, wherein a memory in the electric control circuit stores the optimum 
value of the input pulley revolution speed for each throttle opening, and the reduction ratio control 
device in the hydraulic control circuit regulates the hydraulic fluid pressure supplied to the hydraulic 

20 servo system of the input pulley in response to the electric control circuit so that the input pulley 20 
revolution speed is optimized, thereby regulating the reduction ratio between the input and output 
shafts 

5 A control system for a continuously variable transmission constructed and arranged 
substantially as hereinbefore described with reference to and as illustrated in the accompanying 
25 drawings. 25 



^ ^ ^ Mate*/. Stetkmefv Office by the Courier Press. Leamington Spa. 1981. Published by. the Patent Office. 
^T&JSm^ BuWmgT London, WC2A 1AY, from which copies may be obtained. 
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